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Descrlptl n 

The present invention relates generally to a 
downhole tool apparatus, and more particularly to 
an apparatus for actuating a downhole tool using a 
fluid pressure differential in a well as a power 
source. 

The use of most downhole tools involves sur- 
face manipulation of a downhole operation system 
to accomplish a task such as opening a valve, for 
example the opening and closing of a tester valve 
or a circulation valve. This process usually involves 
actuation of a power piston which works off a 
pressure differential acting across a hydraulic area. 
There are several ways in which this pressure 
differential can be achieved. 

One technique is the use of a nitrogen charged 
system in which the nitrogen acts as a spring 
which support hydrostatic well annulus pressure, 
but which can be further compressed with applied 
pressure at the surface allowing linear actuation 
across a hydraulic area downhole. An example of 
such a tool is seen in US-A-4,71 1 ,305. 

Another system uses the differential between 
hydrostatic pressure and an atmospheric air cham- 
ber. An example of such a system is seen in US-A- 
4,896,722; US-A-4,915,168; US-A-4,796,699 and 
US-A-4,856,595. 

Yet another system provides first and second 
pressure conducting passages from either side of 
the power piston to the well annulus. A metering 
orifice type of retarding means is disposed in the 
second pressure conducting passage for providing 
a time delay in communication of changes in well 
annulus pressure to the second side of the power 
piston. Accordingly, a rapid increase or rapid de- 
crease in well annulus pressure causes a tem- 
porary pressure differential across the piston which 
moves the piston. An example of such a system is 
seen in US-A-4,422,506. 

Still another approach is to provide both high 
and low pressure sources within the tool itself by 
providing a pressurized hydraulic fluid supply and 
an essentially atmospheric pressure dump cham- 
ber. Such an approach is seen in US-A-4,375,239. 

There are limitations inherent in many of these 
designs. Those tools which use either a high pres- 
sure source or low pressure reference defined by a 
fixed volume within the tool itself are typically limit- 
ed in the number of operating strokes they can 
provide since they either run out of pressurized 
high pressure fluid, or run out of space in the low 
pressure reference zone. 

Those systems like the one disclosed in US-A- 
4,422,506 which utilize a time delay in communica- 
tion of well annulus pressure changes to one side 
of the piston can provide an unlimited numb r of 
operating strokes in many cases, but they do have 



the inherent drawback of the time delays which are 
necessary between operating strokes. 

The prior art also includes tools which have 
operated in response to a pressure differential be- 

s tween a well annulus and the interior of a tubing 
string, but these tools have not been capable of 
repeated operation. Examples of such tools are 
found in US-A-3,779,263. 

Another example is to be found in US-A- 

w 3,780,809 which discloses downhole tool apparatus 
for use in a well having a well bore and a tubing 
string suspended within said well bore so that a 
well annulus is defined between said well bore and 
said tubing string, said apparatus comprising a 

rs power chamber having first and second pressure 
connections and housing a power piston or a rotat- 
ing power transfer element and operating valve 
means; having a first position for selectively com- 
municating annulus pressure from said well an- 

20 nulus with said first pressure connection of said 
power chamber and simultaneously communicating 
said second pressure connection of said power 
chamber with a zone of said well isolated from said 
annulus pressure so that a pressure differential 

25 between said well annulus and said zone can be 
applied to said power piston or transfer element to 
move it in a first direction, and having a second 
position for communicating said annulus pressure 
with said second pressure connection of said pow- 

30 er chamber and simultaneously communicating the 
first pressure connection of said power chamber 
with said zone so that said pressure differential 
between said well annulus and said zone can be 
applied to said power piston or transfer element in 

35 a second direction opposite to said first direction. 

The present invention is characterized in that 
fluid isolation means are provided to transmit fluid 
pressures from the well annulus and the said well 
zone to the said valve means and the said power 

40 chamber whilst isolating the said valve means and 
power chamber from contact with well fluids con- 
tained in the said annulus and the said zone. 

The isolation means preferably comprises a 
first isolation chamber having a first isolation piston 

45 reciprocably disposed therein and dividing said first 
isolation chamber into a first tool side chamber 
portion and a first well side chamber portion, said 
first tool side chamber portion being in open flow 
communication with said operating valve means; a 

so second isolation chamber having a second isolation 
piston reciprocably disposed therein and dividing 
said second isolation chamber into a second tool 
side chamber portion and a second well side 
chamber portion, said second tool side chamber 

55 portion being in open flow communication with said 
operating valve means; and reversing valve means 
for alternately communicating said well annulus 
with one of said first and second well side chamber 
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portions while simultaneously communicating said 
z ne of said well with the other of said first and 
second well side chamber portions, so that well 
fluids from said well annulus can flow into and out 
of said well side chamber portions. 

The operating valve communicates one of the 
first and second tool side chamber portions with a 
selected one of the first and second power cham- 
ber pressure connections while simultaneously 
communicating the other of the first and second 
tool side chamber portions with the other of the 
first and second power chamber pressure connec- 
tions. 

Thus, the high pressure source, typically the 
well annulus, can be transmitted through one of the 
isolation chambers until such time as the hydraulic 
fluid on the tool side chamber portion thereof is 
substantially exhausted, at which point the direc- 
tions of the isolation pistons are reversed and the 
high pressure is then transmitted through the other 
isolation chamber. 

The movement of the operating valve to direct 
high pressure fluid to the selected side of the 
power piston is typically controlled in response to 
command signals transmitted from a surface loca- 
tion adjacent the well. 

Thus a system is provided where all of the 
energy for movement of the power transfer element 
comes from a pressure differential which exists in 
the well and is of unlimited capacity. Thus there is 
no limitation on the number of operating cycles 
which can be performed by the tool. 

In order that the invention may be more fully 
understood, reference is made to the accompany- 
ing drawings, wherein: 

FIG. 1 is an eJevational schematic view of a 
typical well test string in which the present in- 
vention may be incorporated. 
FIG. 2 is a schematic illustration of a first em- 
bodiment of a differential actuating system of 
the present invention. In this embodiment, the 
position of the reversing valve and the correla- 
tion between the reversing valve and the operat- 
ing valve is controlled electronically with a 
microprocessor. 

FIG. 3 is a schematic illustration of an alternative 
embodiment of the invention. In the embodiment 
of Fig. 3, shuttle valves have been added so that 
the high and low pressure inlets to the operating 
valve remained fixed. 

FIG. 4 is a schematic illustration of another 
embodiment of the invention in which a hydrau- 
lic position sensing system controls the opera- 
tion of the reversing valve thus eliminating the 
need for any lectronic control of th reversing 
vafv . 

FIG. 5 is an enlarged view of one of the fluid 
accumulators of FIG. 4. 



FIG. 6 is a schematic illustration of another 
embodiment of the invention utilizing a pilot 
valve controlled by the electronic control pack- 
age to control the operation of the reversing 
5 valve. 

FIG. 7 is a schematic illustration of another 
alternative embodiment of the invention, again 
using a pilot valve arrangement like FIG. 6, but 
this time providing fluid power to the pilot valve 
ro from the high and low pressure zones defined in 
the well. The pilot valve is again controlled by 
the electronic control package. 
FIG. 8 is a schematic illustration of another 
embodiment of the invention in which the power 
f5 piston is connected to the reversing valve so 
that the reversing valve is reversed with each 
stroke of the power piston. 
RG. 9 is a schematic illustration of another 
embodiment of the invention showing its use in 
20 connection with a rotating power transfer ele- 
ment such as that within a hydraulic motor. 
FIG. 10 is a schematic illustration of yet another 
embodiment of the invention, again utilizing a 
rotating power element and this time adding a 
25 pilot valve arrangement for control of the revers- 
ing valve much like that seen in FIG. 7. 

Detailed Description Of The Preferred Embodi- 
ments 

30 

The Background Environment Of The Invention 

it is appropriate at this point to provide a de- 
scription of the environment in which the present 

35 invention is used. During the course of drilling an 
oil well, the bore hole is filled with a fluid known as 
drilling fluid or drilling mud. One of the purposes of 
this drilling fluid is to contain in intersected forma- 
tions any formation fluid which may be found there. 

40 To contain these formation fluids the drilling mud is 
weighted with various additives so that the hydro- 
static pressure of the mud at the formation depth is 
sufficient to maintain the formation fluid within the 
formation without allowing it to escape into the 

45 borehole. Drilling fluids and formation fluids can all 
be generally referred to as well fluids. 

When it is desired to test the production capa- 
bilities of the formation, a testing string is lowered 
into the borehole to the formation depth and the 

so formation fluid is allowed to flow into the string in a 
controlled testing program. 

Sometimes, lower pressure is maintained in the 
interior of th testing string as it is lowered into the 
borehole. This is usually done by keeping a forma- 

55 tion tester valve in the closed position near th 
lower end of the testing string. When the testing 
depth is reached, a packer is set to seal the 
borehole, thus closing the formation from the hy- 
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drostatic pressure of the drilling fluid in the well 
annulus. The formation tester valve at the lower 
end of the testing string is then opened and the 
formation fluid, free from the restraining pressure of 
the drilling fluid, can flow into the interior of the 
testing string. 

At other times the conditions are such that it is 
desirable to fill the testing string above the forma- 
tion tester valve with liquid as the testing string is 
lowered into the well. This may be for the purpose 
of equalizing the hydrostatic pressure head across 
the walls of the test string to prevent inward col- 
lapse of the pipe and/or may be for the purpose of 
permitting pressure testing of the test string as it is 
lowered into the well. 

The well testing program includes intervals of 
formation flow and intervals when the formation is 
closed in. Pressure recordings are taken through- 
out the program for later analysis to determine the 
production capability of the formation. If desired, a 
sample of the formation fluid may be caught in a 
suitable sample chamber. 

At the end of the well testing program, a cir- 
culation valve in the test string is opened, formation 
fluid in the testing string is circulated out, the 
packer is released, and the testing string is with- 
drawn. 

A typical arrangement for conducting a drill 
stem test offshore is shown in FIG. 1. Of course, 
the apparatus and methods of the present invention 
may also be used on wells located onshore. 

The arrangement of the offshore system in- 
cludes a floating work station 10 stationed over a 
submerged work site 12. The well comprises a well 
bore 14, which typically is lined with a casing string 
16 extending from the work site 12 to a submerged 
formation 18. It will be appreciated, however, that 
the methods and apparatus of the present invention 
can also be used to test a well which has not yet 
had the casing set therein. 

The casing string includes a plurality of per- 
forations 19 at its lower end which provide commu- 
nication between the formation 18 and a lower 
interior zone or annulus 20 of the well bore 14. 

At the submerged well site 12 is located the 
well head installation 22 which includes blowout 
preventer mechanisms 23. A marine conductor 24 
extends from the well head installation 22 to the 
floating work station 10. The floating work station 
10 includes a work deck 26 which supports a 
derrick 28. The derrick 28 supports a hoisting 
means 30. A well head closure 32 is provided at 
the upper end of the marine conductor 24. The well 
head closure 32 allows for lowering into the marine 
conductor and into the well b re 14 a formation 
testing string 34 which is raised and lowered in the 
well by the hoisting means 30. The testing string 
34 may also generally be referred to as a tubing 



staring 34. 

A supply conduit 36 is provided which extends 
from a hydraulic pump 38 on the deck 26 of the 
floating station 10 and extends to the well head 
s installation 22 at a point below the blowout pre- 
venter 23 to allow the pressurizing of the well 
annulus 40 defined between the testing string 34 
and the well bore 14. 

The testing string 34 includes an upper conduit 
ro string portion 42 extending from the work deck 26 
to the well head installation 22. A subsea test tree 
44 is located at the lower end of the upper conduit 
string 42 and is landed in the well head installation 
22. 

is The lower portion of the formation testing string 
34 extends from the test tree 44 to the formation 
18. A packer mechanism 46 isolates the formation 
18 from fluids in the well annulus 40. Thus, an 
interior or tubing string bore of the tubing string 34 

20 is isolated from the upper well annulus 40 above 
packer 46. Also, the upper well annulus 40 above 
packer 46 is isolated from the lower zone 20 of the 
well which is often referred to as the rat hole 20. 
A perforated tail piece 48 provided at the lower 

25 end of the testing string 34 allows fluid commu- 
nication between the formation 18 and the interior 
of the tubular formation testing string 34 through 
lower zone 20. 

The lower portion of the formation testing string 

30 34 further includes intermediate conduit portion 50 
and torque transmitting pressure and volume bal- 
anced slip joint means 52. An intermediate conduit 
portion 54 is provided for imparting packer setting 
weight to the packer mechanism 46 at the lower 

35 end of the string. 

It is many times desirable to place near the 
lower end of the testing string 34 a circulation valve 
56 which may be opened by rotation or reciproca- 
tion of the testing string or a combination of both or 

40 by dropping of a weighted bar in the interior of the 
testing string 34. Below circulating valve 56 there 
may be located a combination sampler valve sec- 
tion and reverse circulation valve 58. 

Also near the lower end of the formation testing 

45 string 34 is located a formation tester valve 60. 
Immediately above the formation tester valve 60 
there may be located a drill pipe tester valve 62. 

A pressure recording device 64 is located be- 
low the formation tester valve 60. The pressure 

so recording device 64 is preferably one which pro- 
vides a full opening passageway through the center 
of the pressure recorder to provide a full opening 
passageway through the entire length of the forma- 
tion testing string. 

55 The present invention relates to a system for 
actuating various ones of the to Is found in such a 
testing string 34, and relates to novel constructions 
of such tools designed for use with this new actual- 
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ing system. Typical examples of the tools to which 
this new actuating system may be applied would 
be the formation tester valve 60 and/or the reverse 
circulating valve 56. 

The Embodiment Of FIG. 2 

FIG. 2 schematically illustrates one embodi- 
ment of a downhole tool including the differential 
pressure actuation system of the present invention. 

In FIG. 2 a downhole tool apparatus is shown 
schematically and is generally designated by the 
numeral 100. The downhole tool apparatus 100 is a 
tool for use in a well such as that previously 
described with regard to FIG. 1 . The downhole tool 
100, may for example, be a formation tester valve 
in the location shown as 60 in FIG. 1 or a circulat- 
ing valve in the location shown as 56 in FIG. 1. The 
differential pressure actuation system of the 
present invention could also be used with other 
ones of the tools shown in the tool string in FIG. 1. 

The tool 100 includes a housing generally des- 
ignated as 102. Since FIG. 2 is a schematic illustra- 
tion, various portions of the housing 102 are shown 
in disjointed locations in FIG. 2. It will be under- 
stood, however, that in any given physical embodi- 
ment of the tool 100, the various portions of the 
housing 102 will all be connected together. 

The housing 102 has a power chamber 104 
and first and second isolation chambers 106 and 
108 defined therein. 

A power piston 110, which may be more gen- 
erally described as a power transfer element, is 
slidabiy disposed in the power chamber 104 and 
divides the power chamber 104 into first and sec- 
ond power chamber portions 112 and 114, respec- 
tively. 

A first isolation piston 116 is slidabiy disposed 
in first isolation chamber 106 and divides the first 
isolation chamber 106 into a first tool side chamber 
portion 118 and a first well side chamber portion 
120. Similarly, a second isolation piston 122 is 
slidabiy disposed in the second isolation chamber 
108 and divides the second isolation chamber 108 
into a second tool side chamber portion 124 and a 
second well side chamber portion 126. The term 
"tool side" refers to the side of the subject struc- 
ture which is in fluid flow communication with other 
internal portions of the tool 100 as contrasted to 
being in fluid flow communication with an external 
zone of the well, which is referred to as being a 
well side of the structure in question. 

The apparatus 100 includes a reversing valve 
means 128 having a first position schematically 
indicated by the numeral 130 for communicating a 
high pressure zone 132 of the well of FIG. 1 with 
the first well side chamber portion 120 while si- 
multaneously communicating a low pressure zone 



134 of the well with the second well side chamber 
portion 126. Reversing valve means 128 has a 
second position schematically indicated by the nu- 
meral 136 in which the high pressure zone 132 is 
5 communicated with the second well side chamber 
portion 126 and the low pressure zone 134 is 
communicated with the first well side chamber por- 
tion 120. 

The high pressure zone 132 of the well of FIG. 

to 1 typically will be the upper well annulus 40 above 
the packer 46, and for that reason the well annulus 
will often hereafter be referred to as the well an- 
nulus 132. The low pressure zone 134 of the well 
of FIG. 1 will typically be the bore of tubing string 

75 34 which most often will be communicated with 
and have a pressure equal to the rat hole 20. The 
bore of tubing string 34 can also be referred to as 
an interior zone of the tubing string 34. 

It will be understood, however, that generally 

20 speaking other pressure differentials defined within 
the well could be utilized with the present inven- 
tion. For example, high pressure could be applied 
to the tubing string bore in order to operate a tool 
on the differential between that high pressure and a 

25 lower pressure in the upper well annulus 40. Also if 
the tubing string bore is isolated from the rat hole 
20, the rat hole 20 could be used as the low 
pressure zone and the tubing string bore as the 
high pressure zone. 

30 As used herein, any reference to a low pres- 
sure zone of the well is not intended to include a 
low pressure zone defined entirely inside the tool, 
such as a substantially atmospheric dump chamber 
defined entirely in the tool. Such a zone defined 

35 entirely within the tool is considered not to be a 
zone of the well. A low pressure zone of the well 
can, however, be in fluid pressure communication 
with an interior zone of the tool and in that case the 
interior zone of the tool would be considered to be 

40 a part of the low pressure zone of the well. 

The apparatus 100 further includes an operat- 
ing valve means 138 for communicating one of the 
first and second tool side chamber portions 118 
and 124 with a selected one of the first and second 

45 power chamber portions 112 and 114 while com- 
municating the other of the first and second tool 
chamber portions 1 18 and 124 with the other of the 
first and second power chamber portions. 

The operating valve means 138 has a first 

so position schematically indicated by the numeral 
140 which applies the pressure differential between 
the high and low pressure zones 132 and 134 in a 
first direction across the power piston 110, and a 
second position 142 which applies that pressure 

55 differential in the opp site direction across the 
power piston 110. 

Passages 144 and 146 defined in the housing 
102 communicate the first and second tool sid 
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chamber portions 118 and 124, respectively, with 
the operating valve means 13a Passages 148 and 
150 defined in the housing 102 communicate the 
operating valve means 138 with the first and sec- 
ond power chamber portions 112 and 114, respec- 
tively. 

Passages 148 and 150 can be described as 
reversible high pressure inlet and lower pressure 
outlet passages, since those two functions are re- 
peatedly alternated or reversed between passages 
148 and 150. 

The first and second power chamber portions 
112 and 114 and the first and second tool side 
chamber portions 118 and 124 along with the pas- 
sages 144. 146, 148 and 150 are filled with a clean 
hydraulic fluid which flows between the power 
chamber 104 and the tool side chamber portions 
118 and 124 through the operating valve means 
138 as the power piston 110 moves back and forth 
within the power chamber 104. The isolation pis- 
tons 116 and 122 provide a means for isolating this 
clean hydraulic fluid from contamination or contact 
by well fluids in the high and low pressure zones 
132 and 134 of the well which flow into and out of 
the well side chamber portions 120 and- 126 of 
isolation chambers 106 and 108. 

A microprocessor based electronic control 
package 152 is included in the apparatus 100. 
Reversing valve means 128 and operating valve 
means 138 are controlled by electric solenoids in 
response to signals from the control package 152 
transmitted through electrical lines 154 and 156, 
respectively. 

Position sensors 158 and 160 associated with 
the isolation chambers 106 and 108 transmits sig- 
nals to the control package 152 when the isolation 
pistons 116 and 122, respectively, approach the 
upper end of their strokes. 

It is also noted that instead of using position 
sensors 158 and 160, the control package 152 
could keep track of the number of operating 
strokes of the power piston and calculate the ap- 
propriate time for reversing the reversing valve 
means 128 

The electronic control package 152 is powered 
by batteries or some other internal electrical power 
source 162. The power source could be a down- 
hole power generator like that described below with 
reference to FIGS. 9 and 10. 

A remote sensor 164 receives command sig- 
nals transmitted from a remote surface location 
adjacent the well of FIG. 1 , e.g., on the work deck 
26. The remote sensor 164 in association with th 
electronic control package 152 pr vides a remote 
control means for controlling th operating valve 
means 138 in response to the command signals 
transmitted from the surfac location adjacent the 
well shown in FIG. 1 . 



Further, the electronic control package coordi- 
nates the operation of operating valve 138 with that 
of reversing valve 128 so that high pres ure from 
the high pressure zone 132 is continuously trans- 
5 mitted through the operating valve means 138 to 
the selected high pressure side of the power piston 
110. 

The electronic control package 152 in associ- 
ation with the position sensors 158 and 160 can be 

io generally described as a pressure supply control 
means operably associated with the reversing valve 
means 128 for switching the reversing valve means 
128 alternately between its first and second posi- 
tions 130 and 136 so that fluid pressure from the 

75 high pressure zone 132 is continuously commu- 
nicated to the operating valve means 138. 

The housing 102 has passages 166 and 168 
defined therein for communicating the low and high 
pressure zones 132 and 134, respectively, with the 

20 reversing valve means 128. Also defined in housing 
102 are passages 170 and 172 communicating the 
reversing valve means 128 with the well side 
chamber portions 120 and 126 of the isolation 
chambers 106 and 108. It will be appreciated that 

25 in a typical mechanical embodiment of the inven- 
tion, the point of direct communication between a 
high pressure zone 132 such as the well annulus 
40 with the passageway 168 will be an inlet power 
port 171 defined through and communicated with 

3Q the outer surface of the housing 102. Similarly, the 
point of direct communication between the passage 
166 and the low pressure zone 134, such as the 
bore of the tubing string 34 will be a low pressure 
discharge port 173 defined in the housing 102 and 

35 typically opening into a central housing bore 175 
extending through the housing 102 and commu- 
nicated with and making up a part of the tubing 
bore of the tubing string 34. 

The various fluid passages 144, 146, 148, 150, 

40 166, 168, 170 and 172 defined in housing 102 
collectively can be defined as power passage 
means defined in the housing 102 for providing 
fluid pressure communication between the power 
chamber 104 and the high and low pressure zones 

45 132 and 134 of the well. In any particular positions 
of the control valve 138, and reversing valve 128, 
particular ones of those passages will in fact pro- 
vide high and low pressure transmission paths be- 
tween the power chamber 104 and the high and 

so low pressure zones 132 and 134 of the well. 

The isolation chambers 106 and 108, the re- 
versing valve 128 and the operating valve 138 
along with the associated connecting passages and 
the electronic control package 152 can all be col- 

55 lectively referred to as a pressure transfer control 
means for applying a pressure differential between 
the high and low pressure zones 132 and 134 of 
the well across the power piston 110 to operate the 
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tool 100. 

This pressure transfer control means provides 
a means for applying the pressure differentia) be- 
tween the high and low pressure zones 132 and 
134 across the power piston 110 repeatedly in 
alternating directions to repeatedly operate the tool 
100. 

It will be understood that the power piston 110 
is connected through an operating mechanism 176, 
to an operating element 178 such as a rotating ball 
valve or the like to move the same between an 
open and closed position. For example, if the ap- 
paratus 100 is a formation tester valve, the power 
piston 110 would be connected to a rotating ball 
valve operating element through an operating 
mechanism much like that disclosed in US-A- 
3,856,085. 

Another example would be the use of appara- 
tus 100 as a circulation valve in which case the 
power piston 110 would be connected to a sliding 
sleeve valve operating element in a fashion similar 
to that shown in US-A-4,113,012. Preferably the 
indexing system of this tool would be deleted. 

Also a multi-mode operating element could be 
used substantially like that shown in US-A- 
4.711,305. 

In addition to use as a tester valve or circulat- 
ing valve, the system of the present invention can 
also be used on any type of down hole tool requir- 
ing an actuator or power transfer element such as a 
power piston 110 and the operating element 100 
could be an equalizing valve, a packer, a sampler, 
a safety valve, a tubing tester valve, or a tubing 
conveyed perforation firing head or gun release 
among other possibilities. Furthermore, the power 
transfer element can be a rotating element of a 
hydraulic motor or turbine as described below with 
regard to FIGS. 9 and 10. 

If the operating element 178 is a formation 
tester valve, then typically the high pressure zone 
132 of the well will be the upper well annulus 40, 
and the low pressure zone 134 of the well will be 
the pressure in the rat hole 20 below the packer 
means 46 which typically will be communicated up 
through the lower end of the tubing string into the 
tubing string bore 175 within the apparatus 100 
below the location of the tester valve element 178. 
The pressure differential could also, however, in 
this case be defined between the well annulus 40 
and the tubing string bore above the formation 
tester valve 178. 

If the operating element 178 is a circulating 
valve, th n it will of c urse be necessary for the 
low pressure reference zone 134 to be the rat hole 
20. This can be accomplished in a circulating valve 
by having the tubing string bore below the circulat- 
ing valve pen to th rat hole 20, and by having in 
operative association with the sliding sleeve cir- 



culating valve a test string closure valve 180 lo- 
cated therebelow operating by actuating mecha- 
nism 179. The test string closur valve 180 could 
be a rotating ball valve, and the operating mecha- 

5 nism 179 would be similar to that disclosed in US- 
A-3356,085. 

The circulating valve would normally be in a 
closed position, and the test string closure valve 
located therebelow would normally be open. The 

ro high pressure zone 132 would be the well annulus 
exterior of the tubing string, and the low pressure 
zone 134 would be the pressure within the tubing 
string. The communication port 173 for the low 
pressure zone 134 would be below the test string 

is closure valve 180. 

When the signal is transmitted to the sensor 
164 to cause the electronic control package 152 to 
cause the operating piston 110 to be moved to a 
position corresponding to an open position of the 

20 circulating valve operating element 178, the me- 
chanical operating mechanism 179 between power 
piston 110 and the test string closure valve 180 
would function to close the test string closure valve 
180 before the sliding sleeve circulating valve ele- 

25 ment 178 opens. Thus, the low pressure reference 
134 would continue to be the tubing string pressure 
below the closed valve 180 in spite of the fact that 
the upper portion of the tubing string bore would 
then be in fluid pressure communication with the 

30 well annulus through the open circulating valve 
178. In reverse fashion, when it is time to reclose 
the sliding sleeve circulating valve element 178, the 
mechanical operating mechanism 179 would re- 
open the test string closure valve 180 after the 

35 circulating valve operating element 178 is reclosed. 

The Embodiment Of FIG. 3 

FIG. 3 shows a slightly modified version of the 

40 tool 100 of FIG. 2. The passages 144 and 146 of 
FIG. 2 which communicate the first and second tool 
side chamber portions 118 and 124 with the op- 
erating valve means 138 have been modified to 
allow the placement of a high pressure shuttle 

45 check valve means 182 and a low pressure shuttle 
check valve means 184 into the system. 

With the system of FIG. 2, the high pressure 
would not always enter the operating valve 138 at 
the same location. Since the two isolation cham- 

so bers 106 and 108 alternate as the path for high 
pressure transmission, the inlet for high fluid pres- 
sure to the operating valve 138 would alternate 
between the lines 144 and 146. To accommodate 
that, the electronic control package 152 of FIG. 2 

55 has to be programmed to correlate the operation of 
operating valve 138 and reversing valve 128. That 
is, the lectronic control package 152 must know 
which position the reversing valve 128 is in so that 



13 



EP 0 500 341 B1 



14 



it can property instruct the operating valve 138 to 
choose the proper position to direct high pressure 
fluid to the appropriate side of the power piston 
110. 

With the modification of FIG. 3, the operating 
valve means 138 has a fixed high pressure inlet 
line 186 and a fixed low pressure outlet line 188. 

The passage 144 from the first tool side cham- 
ber portion 118 has been modified so that it now 
has a common passage portion 144A which then 
branches into parallel passage portions 144B and 
144C leading to the low pressure shuttle check 
valve means 184 and the high pressure shuttle 
check valve means 182, respectively. Similarly, the 
passage 146 from the second tool side chamber 
portion 124 now has a common portion 146A which 
branches into parallel portions 146B and 146C 
leading to the low and high pressure shuttle check 
valves 184 and 182. The fixed high pressure inlet 
line 186 leads from the high pressure check valve 
means 182 to the operating valve means 138. The 
Fixed low pressure outlet line 188 leads from the 
low pressure shuttle check valve means 184 to the 
operating valve means 138. 

The high pressure shuttle check valve means 
182 automatically communicates the fixed high 
pressure inlet line 186 with the one of the isolation 
chambers 108 and 108 which happens to be com- 
municated with the high pressure well zone 132. 
Similarly, the low pressure shuttle check valve 
means 184 will automatically communicate the 
fixed low pressure outlet line 188 with the other of 
the isolation chambers 106 and 108 which happens 
at that time to be communicated with the low 
pressure well zone 134. 

Also, in the embodiment of FIG. 3, the elec- 
tronic control package 152 need no longer cor- 
relate the operation of the operating valve 118 with 
that of the reversing valve 128, since the position 
of the high pressure supply 186 and the low pres- 
sure outlet 188 is now fixed by the operation of the 
shuttle valves 182 and 184. 

The Embodiment Of FIG. 4 

FIG. 4 schematically illustrates a further modi- 
fication of the system of FIGS. 2 and 3. The 
system of FIG. 4 includes the shuttle valves of FIG. 
3. In FIG. 4, an additional modification is provided 
which completely eliminates the need for any inter- 
connection between the electronic control package 
152 and the reversing valve 128. 

In the embodiment of FIG. 4, the reversing 
valve 128 has been modified to include a hydraulic 
actuator means 190 for moving th reversing valve 
means 128 between its first position 130 and sec- 
nd position 136. Also, first and second fluid accu- 
mulator means 192 and 194 are pr vided for sens- 



ing a position of the isolation pistons 116 and 122 
and for directing pressurized hydraulic fluid to the 
hydraulic actuator means 190 of the reversing 
valve means 128 to switch the position of the 

s reversing valve means 128 when the isolation pis- 
tons 1 16 and 122 near an end of their stroke within 
the isolation chambers 106 and 108. 

In RG. 4, the isolation chambers 106 and 108 
and the isolation pistons 116 and 122 contained 

to therein have been modified somewhat to accom- 
modate the addition of the fluid accumulators 192 
and 194. Components analogous to those of the 
systems of FIGS. 2 and 3, such as the isolation 
pistons 116 and 122, are still designated by the 

75 same numerals, although they are illustrated some- 
what differently in the drawing. 

The fluid accumulators 192 and 194 can each 
generally be described as a position sensing ap- 
paratus for sensing a position of a structure, such 

20 as the isolation piston 116, relative to a base, such 
as the housing 102. 

The first isolation piston 116 now has asso- 
ciated therewith a displacement means 196 com- 
prised of a differential area 198 defined upon an 

25 extension of the piston 116, and a displacement 
chamber 200 defined within the housing 102. As 
the isolation piston 116 moves within the isolation 
chamber 106 the volume of displacement chamber 
200 changes so that hydraulic fluid is displaced 

30 from or enters the displacement chamber 200. 

The hydraulic accumulator means 192, which 
is best seen in the enlarged view of FIG. 5, in- 
cludes an accumulator chamber 202 for accumulat- 
ing an increasing volume of hydraulic fluid from the 

35 displacement means 196 at a pressure increasing 
in relation to the increasing volume. The accumula- 
tor chamber 202 is communicated with the dis- 
placement means 196 by passage 204 defined in 
the housing 102. 

40 The accumulator means 192 includes an accu- 
mulator piston 206 slidably received within a bore 
defining the circumference of the accumulator 
chamber 202. The top surface of accumulator pis- 
ton 206 as seen in FIG. 4 defines a movable 

as surface of the accumulator chamber 202. A coil 
biasing spring 208 provides a means for biasing 
the accumulator piston 206 against the volume of 
hydraulic fluid in accumulator chamber 202 with a 
force that increases relative to the compression of 

so the biasing spring 208. 

In FIG. 4, the accumulator means 192 is shown 
with its accumulator piston 206 at its uppermost 
position corresponding to a minimum volume of the 
accumulator chamber 202. The isolation piston 116 

55 in first isolation chamber 106 is shown near the 
lower end of its stroke, and the reversing valve 
means 128 is shown in its second position 136 so 
that the first isolation chamber 106 is s rving as a 
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path for low fluid pressures to be communicated to 
the low pressure zone 134. 

When the reversing valve means 128 is 
switched to its first position 130 so that high fluid 
pressure from the high pressure zone 132 is then 
directed to the first well side chamber portion 120 
of first isolation chamber 106, the displacement 
means 196 will begin to displace hydraulic fluid out 
of displacement chamber 200 as the isolation pis- 
ton 116 moves upward. That displaced fluid will 
flow into the accumulator chamber 202 of first 
accumulator means 192 and gradually the biasing 
spring 208 will be compressed as the accumulator 
piston 206 moves downward to accommodate the 
increasing volume of fluid within accumulator 
chamber 202. As the volume of fluid contained in 
chamber 202 increases, the pressure of that fluid 
will be increased due to increasing compression of 
biasing spring 208. 

Hie first fluid accumulator means 192 also 
includes a dump valve means 210 in fluid flow 
communication with the accumulator chamber 202 
for discharging at least a portion of the volume of 
hydraulic fluid which accumulates in chamber 202 
into a discharge passage or conduit 212 when the 
pressure of the hydraulic fluid contained in cham- 
ber 202 reaches a predetermined level which is 
dependent upon the design and construction of the 
dump valve means 210 which is further described 
below. 

The dump valve means 210 includes a two- 
stage dump piston 214 having first and second 
differentia] areas 216 and 218, respectively, defined 
thereon. The first differential area 216 is in continu- 
ous communication with and defines an upper wall 
of the accumulator chamber 202. 

The first fluid accumulator means 192 further 
includes a pilot valve means 220 defined on and 
associated with the dump piston 214. The pilot 
valve means 220 includes a pilot valve passage 
222 communicating the second differential area 
218 with a pilot valve port 224 which opens to a 
bore 226 in which the smaller diameter part of the 
two-stage dump piston 214 is slidably received. In 
FIG. 5 the pilot valve means 220 is shown in a 
closed position wherein an O-ring seal 228 of pilot 
valve means 220 isolates the pilot valve port 224 
from the accumulator chamber 202. 

Hie dump valve means 210 further includes a 
resilient compression spring biasing means 230 for 
biasing the dump piston 214 toward the accumula- 
tor chamber 202. 

As th pressure of hydraulic fluid contained in 
accumulator chamber 202 increases, the dump pis- 
ton 214 will move upward and gradually compress 
the spring 230. At a predetermined pressure within 
the chamber 202 which is determined by the 
spring rate of the spring 230 the O-ring 228 will 



mov upward above the pilot valve pott 224 thus 
defining an open position of the pilot valve means 
220 in which the accumulator chamber 202 is com- 
municated with the second differential area 218. 

s When the O-ring 228 moves upward across the 
pilot valve port 224, a portion of the hydraulic fluid 
in accumulator chamber 202 will rapidly flow 
through the pilot valve passage 218 and will con- 
tact the second differential area 21 a The spring 

w rate of the spring 230 is such that the force from 
this fluid acting across the second differential area 
218 will rapidly further compress the spring 230 
allowing the dump piston 214 to rapidly move or 
jump up to a fully open position wherein fluid from 

is the accumulator chamber 202 will be allowed to 
flow into the discharge passage 212. 

It is noted that the mechanical springs 208 and 
230 which are illustrated could be replaced by 
compressed gas springs such as a sealed chamber 

20 filled with nitrogen gas. 

The accumulator piston 214 has an internal 
piston discharge passsage 232 which communi- 
cates the lower end 216 thereof with a port 234 
located between O-rings 236 and 238 carried by 

25 the dump piston 214. The dump piston 214 also 
carries another O-ring 240. 

When the dump piston 214 is in its initial 
position as seen in FIG. 5, the O-ring 238 sepa- 
rates the port 234 from a port 242 associated with 

30 discharge passage 212. The ports 234 and 242 
remain separated from each other by O-ring 238 
until after the pilot valve means 220 has opened. 
When the dump piston 214 moves upward to its 
fully open position, the O-rings 236 and 238 will be 

ss on either side of port 242 and the ports 234 and 
242 will be in alignment thus providing open flow 
communication through passage 232 into discharge 
passage 212 for the pressurized hydraulic fluid 
contained in accumulator chamber 202. That pres- 
to surized hydraulic fluid will flow through the dis- 
charge passage 212 to the hydraulic actuator 
means 190 associated with reversing valve means 
128 to move the reversing valve means 128 be- 
tween its first and second positions 130 and 136. 

45 The first hydraulic accumulator means 192 is 
shown in FIGS. 4 and 5 in an initial position thereof 
prior to or at the beginning of upward movement of 
its associated isolation piston 116. The second 
hydraulic accumulator means 194, on the other 

so hand, is shown in a position as it would be in as its 
associated isolation piston 122 nears the upper end 
of its stroke within the second accumulator cham- 
ber 108, just prior to the opening of its pilot valve 
m ans and the discharge of fluid from its accu- 

55 mulator chamber to a discharg passage 244 com- 
municated with the hydraulic actuator means 190 
to move th reversing valve means 128 from its 
second position 136 to its first position 130. 
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When the isolation piston 116 is on its down- 
ward stroke as represented in FIGS. 4 and 5, it is 
necessary for hydraulic fluid which had previously 
been directed to the hydraulic actuator means 190 
and to a lesser extent to the second differentia] 
area 218, to return to the displacement chamber 
200. The return of fluid from the hydraulic actuator 
means 190 is accomplished back through the dis- 
charge passage 212 and through a primary return 
passage 246 which communicates discharge pas- 
sage 212 with the passage 204. A check valve 248 
is disposed in primary return passage 246 to per- 
mit flow only from discharge passage 212 to the 
passage 204 and not vice versa. Any fluid trapped 
under the second differential area 218 of dump 
piston 214 can return through a secondary return 
passage 252 which has a check valve 254 dis- 
posed therein. 

The Embodiment Of FIG. 6 

FIG. 6 schematically illustrates another em- 
bodiment of the invention wherein there is no op- 
erating valve means 138 located between the isola- 
tion chambers and the power chamber, but instead 
the reversing valve means 128 is used as a means 
for controlling the operation of the power piston 
110. Each time the reversing valve means 128 
reverses its position, the pressure differential be- 
tween the high pressure zone 132 and low pres- 
sure zone 134 is communicated directly to the 
power piston 110 through the isolation chambers. 
Thus, the isolation pistons 116 and 122 change 
direction with each operating stroke of the power 
piston 110. 

In the embodiment of FIG. 6, the housing 102 
again has the power chamber 104 and first and 
second isolation chambers 106 and 108 defined 
therein. The power piston 110 is slidably disposed 
in the power chamber 104 as previously described. 

The first and second isolation pistons 116 and 
122 are slidably disposed in the first and second 
isolation chambers 106 and 108 as previously de- 
scribed. In this embodiment, however, the volume 
of the isolation chambers 106 and 108 will be very 
much less than that which would be utilized with 
the embodiments of FIGS. 2, 3 or 4, since the 
isolation chambers of FIG. 6 need only accom- 
modate a single operating stroke of the power 
piston 110, since they reverse direction with each 
stroke of the power piston 110. 

First and second conduit means 300 and 302 
are defined in th housing 102 for communicating 
the first and second tool side chamber portions 118 
and 124 of the first and second isolation chambers 
106 and 108 with the power chamber 104. 

The reversing valve means 128 again has a 
first position 130 which communicates the high 



pressure zone 132 with the first well side chamber 
portion 120 while simultaneously communicating 
the low pressure zone 134 with the second well 
side chamber portion 126. Reversing valve means 

s 128 also has a second position 136 which is illus- 
trated in FIG. 6, wherein the high pressure zone 
132 is communicated with the second well side 
chamber portion 126 while simultaneously commu- 
nicating the low pressure zone 134 with the first 

io well side chamber portion 120. 

In the embodiment of FIG. 6, the reversing 
valve means 128 can also be described as a main 
operating valve means 128 for directly controlling 
fluid pressure communication between the power 

75 piston 110 and each of the well annulus 132 and 
low pressure zone 134. 

The apparatus of FIG. 6 further includes a 
differential pressure actuating piston means 304 
operably connected to the reversing valve means 

20 128 for moving the reversing valve means 128 
between its first and second positions 130 and 136. 
The differential pressure actuating piston means 
304 is disposed in an actuating chamber 306 de- 
fined within the housing 102. 

25 A pilot valve means 308 is provided for selec- 
tively applying a second fluid pressure differential 
across the differential pressure actuating piston 
means 304 to move the actuating piston means 
304 and thus move the reversing valve 128 be- 

30 tween its first and second positions 130 and 136. 
Pilot valve means 308 has first and second posi- 
tions 309 and 31 1 . The pilot valve means 308 is an 
electrically operated solenoid valve controlled by 
the control package 152 which transmits control 

os signals through electrical connecting means 310. 

In the embodiment of FIG. 6, the housing 102 
has a substantially atmospheric pressure dump 
chamber 312 defined therein, along with a third 
isolation chamber 314. A third isolation piston 316 

40 is slidably received in the third isolation chamber 
314 and separates well fluids from the well annulus 
132 which is communicated with a third well side 
chamber portion 318 thereof, from clean hydraulic 
fluid in the third tool side chamber portion 320 

45 thereof. 

Passages 322 and 324 communicate the third 
isolation chamber 314 and the dump chamber 312 
with the pilot valve means 308. Passages 326 and 
328 communicate the pilot valve means 308 with 

so the actuating chamber 306. 

Thus, the second fluid pressure differential 
which is used to move the differential pressure 
actuating piston means 304 is the differential be- 
tween well annulus pressure in the annulus 132 

55 and the substantially atmospheric pressure in the 
dump chamber 312. 

There are several advantag s to the mbodi- 
ment illustrated in FIG. 6. 

10 
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Since the first and second Isolation pistons 116 
and 122 reverse their direction with each stroke of 
the power piston 110, the volume of the isolation 
chambers 106 and 108 in FIG. 6 is much less than 
the those of FIGS. 2, 3 and 4 which must accom- 
modate multiple strokes of the power piston before 
reversal of direction of the isolation pistons. 

Although the embodiment of FIG. 6 does not 
provide limitless operation, due to the limiting fac- 
tor of the volume of oil contained in the third 
isolation chamber 314, the differential pressure ac- 
tuating piston means 304 has a relatively small 
area as compared to the power piston 110, and 
thus relatively little hydraulic fluid is necessary for 
each stroke of the differential pressure actuating 
piston 304. Thus, many more operating cycles can 
be performed with the system of FIG. 6 than could 
be performed with a system wherein the pressure 
differential between the well annul us 132 and the 
dump chamber 312 were applied directly across 
the power piston 110. 

The Embodiment of FIG. 7 

The embodiment of FIG. 7 is somewhat similar 
to that of FIG. 6 just described in that the power 
piston 110 is directly controlled by reversal of the 
reversing valve means 128 which communicates 
the differential between well annulus 132 and the 
low pressure zone 134 directly through the isolation 
chambers 106 and 108 to the power chamber 104. 
Again, the reversing valve means 128 is controlled 
by a pilot valve means 308 which acts upon a 
differential pressure actuating piston 304. 

In the embodiment of FIG. 7, however, the 
pressure differential controlled through the pilot 
valve means 308 which acts upon the differential 
pressure actuating piston means 304 is the pres- 
sure differential between the well annulus 132 and 
low pressure zone 134. This pressure differential is 
provided by a pressure differential supply conduit 
means 330 defined in the housing 102 for providing 
fluid pressure communication between the pilot 
valve means 308 and the passages 302 and 304 
which are communicated with the high pressure 
zone 132 and low pressure zone 134. Thus, what- 
ever pressure is present in the first and second 
isolation chambers 106 and 108 is communicated 
through the pressure differential supply conduit 
means 330 to the pilot valve means 30a 

The pressure supply conduit means 330 is 
made up of several segments 330A, 330B, 330C 
and 330D. 

First and second fluid flow restriction means 
332 and 334 ar disposed in the conduit segments 
330A and 330B, respectively. The fluid flow restric- 
ted 332 and 334 provide a time delay means for 
delaying communication to the pilot valve means 



308 of pressure changes in the first and second 
isolation chambers 106 and 108, respectively. 

Additionally, there are first and second fluid 
pressur accumulator means 336 and 338 con- 

s nected to the conduit portions 330A and 330B, 
respectively, for maintaining a pressure between 
the pilot valve means 308 and the fluid flow restric- 
tions 332 and 334 after the reversing valve means 
128 begins to change position, for a sufficient time 

w to complete a stroke of the differential pressure 
actuating means 304. 

It is noted that the pilot valve means 308 has a 
fixed high pressure inlet 340 from the pressure 
differential supply conduit means 330 and a fixed 

75 low pressure outlet 342 to the pressure differential 
supply conduit means 330. A high pressure shuttle 
check valve means 344 is disposed in the pressure 
differential supply conduit means 330 for commu- 
nicating the fixed high pressure inlet 340 with 

20 whichever one of the isolation chambers 106 and 
108 is communicated with the high pressure zone 
132. A low pressure shuttle check valve means 346 
is disposed in the pressure differential supply con- 
duit means 330 for communicating the fixed low 

25 pressure outlet 342 with whichever of the isolation 
chambers 106 and 108 is communicated with the 
low pressure zone 134. 

Consider the system shown in FIG. 7 in a state 
in which the power piston 1 10 is at rest at the left- 

30 hand side of the power chamber 104 as it would be 
in the second position 136 of reversing valve 
means 128 as illustrated in FIG. 7. The operation of 
the system would then be as follows to move the 
power piston 110 from left to right. 

36 First, with the power piston 110 at rest in its 
leftmost position, the high-pressure zone 132 is 
communicated with the second isolation chamber 
108 and the low pressure zone 134 is commu- 
nicated with the first isolation chamber 106. After a 

40 sufficient period of time in this position, the high 
pressure in the second isolation chamber 108 com- 
municates through the second fluid flow restriction 
334 so that the same high pressure is present in 
conduit serpents 330B and 330D. That same high 

45 pressure is also present in second fluid pressure 
accumulator 338. 

Similarly, the low pressure from low pressure 
zone 134 is present in first isolation chamber 106, 
and conduit segments 330A and 330C, and in the 

so first fluid pressure accumulator 336. 

When it is desired to move the actuating piston 
110 from left to right to operate the operating 
element 178, an appropriate command signal is 
transmitted from the surface and received by sen- 

55 sor 164. The control packag 152 in response to 
that command signal directs the pilot valve means 
308 to move from its second position 31 1 to its first 
position 309. 
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When the pilot valve means 308 moves to its 
second position 309, the high fluid pressure will be 
directed through passage 326 to the right-hand 
side of actuating chamber 306 and the low fluid 
pressure will be communicated through passage 
328 to the left-hand side of actuating chamber 306 
thus moving the actuating piston 304 from right to 
left as-seen in FIG. 7 and thus moving the revers- 
ing valve means 128 from its second position 136 
to its first position 130. 

As the actuating piston 304 moves the revers- 
ing valve means 128 from its second position 136 
toward its first position 130, there is somewhat of a 
"dead spot" between those two positions in which 
there is no clear communication of the high and 
low pressure zones 132 and 134 with either of the 
isolation chambers 106 and 108. 

Due to the function of the fluid flow restrictors 
332 and 334 and the fluid pressure accumulators 
336 and 338, however, a time delay is provided 
during which the previously existing pressure is 
maintained in the pressure differential supply pas- 
sage means 330 and is thus maintained through 
the pilot valve means 308 to the acutating piston 
304. This is maintained for a sufficient period of 
time to allow the actuating piston 304 to move the 
reversing valve means 128 completely to its first 
position 130. The fluid pressure accumulators 336 
and 338 help maintain this previously existing pres- 
sure. 

The fluid pressure accumulator 338 has an 
accumulator piston 348 slidably disposed therein 
separating the accumulator into an oil chamber 350 
and a nitrogen chamber 352. Similarly, the first 
fluid pressure accumulator 336 has an accumulator 
piston 354 therein defining an oil chamber 356 and 
a nitrogen chamber 358. 

As the high fluid pressure which was present in 
conduit segment 330B starts dropping off due to 
the flow of fluid into the right-hand side of actuating 
chamber 306 and due to flow of fluid toward the 
isolation chamber 108 through the fluid flow restric- 
ted 334, the nitrogen in compressed nitrogen cham- 
ber 352 will expand thus moving the accumulator 
piston 348 from right to left as seen in FIG. 7 thus 
forcing oil out of oil chamber 352 into the conduit 
section 330B to maintain the high fluid pressure 
therein for a time. The piston 354 of accumulator 
336 will move from left to right to accommodate 
rising pressure. 

Thus, the fluid flow restrictors 332 and 334 in 
combination with the fluid pressure accumulators 
336 and 338 maintain a sufficient portion of the 
previously existing pressur differential to th pilot 
valv means 308 for a period of time suffici nt to 
stroke the actuating piston m ans 304 upon rever- 
sal of position of the pilot valve m ans 308. 



The movement of the actuating piston 304 
changes the position of the reversing valve means 
128 from its second position 136 to its first position 
130 thus reversing the fluid pressure differential 

5 between the isolation chambers 106 and 108 thus 
causing the power piston 110 to move from left to 
right as seen in FIG. 7. After a relatively short time 
interval has passed, the reverse pressure differen- 
tial in the isolation chambers 106 and 108 will 

w equalize through the fluid flow restrictions 332 and 
334 and into the fluid pressure accumulators 336 
and 338 so that the system is now ready for 
another change in position. 

f5 The Embodiment Of FIG. 8 

In the embodiment of FIG. 8, the primary modi- 
fication is that an actuating means 360 intercon- 
nects the power piston 110 with the reversing valve 

20 means 128 for changing the position of the revers- 
ing valve means 128 on each stroke of the power 
piston 110. Furthermore, to complement the inter- 
connection of the power piston 110 and the revers- 
ing valve means 360, the isolation chambers 106 

25 and 108 are greatly reduced in size as compared 
to those of FIGS. 2, 3 and 4 since they only need 
to accommodate a single stroke of a power piston 
110. Additionally, time delay means 362 including 
first and second fluid flow restrictions 364 and 366 

30 have been added downstream of the isolation 
chambers, along with fluid pressure accumulators 
368 and 370. 

Also, it is noted that in order to properly illus- 
trate the interrelationship of the various compo- 

35 nents as they move through their operating cycles, 
the first and second positions previously described 
for the operating valve means 138 and the revers- 
ing valve means 128 do not correspond to the 
positions as schematically illustrated in FIGS. 2, 3 

40 and 4. Those designations of first and second 
position means are of course simply for identifica- 
tion, and do not have any inherent meaning. 

In FIG. 8, the apparatus is shown in what will 
be referred to as a first position, with the reversing 

45 valve means 128 in a first position 130 and the 
operating valve means 138 in a first position 140. 
In this position the high pressure from well annulus 
132 is communicated through the second isolation 
chamber 108, then through the high pressure shut- 
so tie check valve means 182 and operating valve 
means 138 to the first power chamber portion 112 
on the left side of the power piston 110. Similarly, 
the low pr ssure zone 134 is c mmunicated 
thr ugh the first is lation chamber 106 with the 

55 s cond pow r chamber portion 114 on the right 
side of power piston 110. so that the power piston 
110 is in a rightmost position within the power 
chamber 104 and is at rest With the system at 
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rest the high pressure in second isolation chamber 
108 equalizes through the fluid flow restriction 366 
so that that high pressure is also stored in the 
second fluid pressure accumulator 370. Similarty, 
the low pressure in first isolation chamber 106 is 
equalized through the fluid flow restriction 364 and 
is present within the first fluid pressure accumulator 
368. 

When it is desired to move the power piston 
110 from right to left to operate the operating 
element 178, a suitable command signal is re- 
ceived by sensor 164 and the control package 152 
then directs the operating valve means 138 to 
move from its first position 140 to its second posi- 
tion 142. Immediately upon the change in position 
of operating valve means 138, the power piston 
110 will begin to move from right to left, and this 
movement as communicated through the actuating 
means 360 will begin to move the reversing valve 
means 128 from its first position 130 to its second 
position 136. 

As the reversing valve means 128 moves from 
its first position 130 toward its second position 136, 
the relative high and low pressures in the second 
isolation chamber 108 and first isolation chamber 
106 will begin to reverse. 

In order to make certain that the power piston 
110 completes its stroke from right to left, the time 
delay means 362 made up of the fluid flow restric- 
tors 364 and 366 delays communication to the 
power piston 110 of the pressure changes in the 
first and second isolation chambers 106 and 108. 
During that delay, the fluid pressure accumulators 
368 and 370 help maintain the previously existing 
pressure differential across the power piston 110 
after the reversing valve means 128 begins chang- 
ing position for a sufficient time to complete the 
stroke of the power piston 110. After the power 
piston 110 comes to rest in its leftmost position, a 
short time interval will pass during which the pres- 
sures will again equalize through the fluid flow 
restrictions 364 and 366, and at that point the 
system will be ready for another stroke. 

The Embodiment Of RG. 9 

In FIG. 9 a downhole tool apparatus 400 is 
illustrated which has a rotating power transfer ele- 
ment 402. 

The system 400 illustrated in FIG. 9 is actually 
a downhole power generating system which utilizes 
the pressure differential between annulus pressure 
132 and tubing pressure 134 as a power source to 
turn the rotating power transfer element 402 of a 
hydraulic motor or hydraulic turbine 404 to gen- 
erate electrical power downhole. 

Those components of the system 400 which 
are closely analogous to the systems previously 



described are designated by the same numerals 
previously utilized. The hydraulic power supply 
plumbing of the embodiment of FIG. 9 is in many 
ways similar to that of FIG. 3. 

5 The reversing valve means 128 as controlled 

by the microprocessor based electronic control 
package 152 controls the communication of the 
high pressure source 132 and low pressure zone 
134 with the first and second isolation chambers 

w 106 and 108. 

The hydraulic motor 404 has a power chamber 
406 defined therein within which the rotating power 
transfer element 402 is received. It will be under- 
stood that the power chamber 406 is only selle- 
rs maticalty illustrated, and represents the cavity in 
which rotating turbine blades would be received, or 
it can also schematically represent the cylinders of 
a piston type hydraulic motor. In any event, the 
hydraulic motor 404 will have a high pressure fluid 

20 inlet 408 and a low pressure fluid discharge 410 
associated with its power chamber 406. 

An on/off valve 412, the function of which is 
further described below, is located upstream of the 
high pressure fluid inlet 408 in the conduit 186. A 

25 high pressure shuttle check valve means 182 com- 
municates whichever of the isolation chambers 106 
and 108 that contains the higher pressure with the 
high pressure inlet 408. Similarly, the low pressure 
shuttle check valve means 184 communicates the 

30 low pressure fluid discharge 410 from the hydraulic 
motor 404 with whichever of the isolation chambers 
106 and 108 that is at the lower pressure. 

In normal operation it will be desirable to con- 
tinuously rotate the rotating power transfer element 

35 402 of hydraulic motor 404. To accommodate this, 
substantially all of the clean hydraulic fluid in the 
tool side chamber portion 118 of first isolation 
chamber 106 will be dispelled therefrom to the high 
pressure inlet 408 then through the power chamber 

40 406 and out the low pressure discharge 410 into 
the tool side chamber portion 124 of the second 
isolation chamber 108. Periodically, the reversing 
valve means 128 will reverse so that the clean 
hydraulic fluid will then flow from the second isola- 

4S tion chamber 108 to the high pressure fluid inlet 
408 then out the low pressure fluid discharge 410 
into the tool side chamber portion 118 of the first 
isolation chamber 106. The microprocessor based 
electronic control package 1 52 can be programmed 

so to control the reversing valve 128 so as to reverse 
it at the appropriate time. Thus, the clean hydraulic 
fluid contained in the tool side chamber portions 
118 and 124 continuously flows back and forth 
therebetween, flowing through the power chamber 

55 406 to substantially continuously turn the rotating 
power transfer element 402. Each revolution of the 
rotating power transfer element 402 can be consid- 
ered to be an perating cycle of the rotating power 
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transfer element 402 analogous to one reciproca- 
tion back and forth by the piston type power trans- 
fer element 1 10 of the earlier embodiments. 

The rotating power transfer element 402 in- 
cludes a rotating output shaft 414 which is con- 
nected to a power generating device 416 which in 
the embodiment disclosed generates an alternating 
current output across leads 418 and 420. 

A rectifier 422 then provides either halfwave or 
fullwave rectification of the current across leads 
416 and 420, and a rectified halfwave voltage is 
output across leads 424 and 426. The rectified 
voltage is then smoothed by a suitable high induc- 
tance filter 428 and the output current across leads 
430 and 432 is applied to a suitable power storage 
device 434. e.g., one or more large capacitors 434 
which provide an output at leads 436 and 438. 

Output on leads 436 and 438 is applied to a 
switching power regulator 440 which provides a 
constant voltage output at leads 442 and 444. 

The voltage across leads 436 and 438 is also 
sensed by the microprocessor based electronic 
control package 152. The control package 152 in- 
cludes a suitable threshold detector (not shown) 
which detects a predetermined voltage at the out- 
puts 436 and 438 of the power storage device 434, 
and in response to the sensed voltage will control 
the position of the on/off valve 412. Thus as shown 
in FIG. 9, the on/off valve 412 is normally in the 
open position wherein hydraulic fluid is flowing 
through the valve 412 and through the hydraulic 
motor 404 so that electrical power is continuously 
being generated and stored in the power storage 
device 434. When the electronic control package 
152 detects a full charge across leads 436 and 
438, it generates a signal which is directed to the 
on/off valve 412 causing it to move to a closed 
position 446, which causes the hydraulic motor 440 
to stop turning. After the on/off valve 412 is moved 
to its off position 446, the switching power regulator 
440 continues to draw current from power storage 
device 434 while providing a constant voltage di- 
rect current output across leads 442 and 444. 

Although not illustrated in FIG. 9, the electronic 
control package 152 preferably draws its operating 
power from the output leads 442 and 444. 

Subsequently, when the voltage output across 
leads 436 and 438 drops below a predetermined 
low threshold level, this will again be sensed by the 
electronic control package 152 and another signal 
will be sent to the on/off valve 412 causing it to 
move back to its on position 445. 

The lectr nic c ntrol package 152 additi nally 
can be controlled in response to command signals 
sent from a remote location, which signals ar 
sensed by sensor 164. 



The Embodiment Of FIG. 10 

In FIG. 10, another embodiment is shown for 
providing power to a rotating power transfer ele- 

s ment 402 of a hydraulic motor 404, which then 
drives a power generation system like that gen- 
erally described with regard to FIG. 9. The hydrau- 
lic system which provides hydraulic fluid to the 
hydraulic motor 404 differs in that a pilot valve 

ro means 308 has been added to control the opera- 
tion of reversing valve means 128, rather than 
controlling the reversing valve means 128 directly 
from the electronic control package 152 as was 
shown in FIG. 9. 

rs The pilot valve means 308 and associated hy- 
draulics in FIG. 10 are substantially identical to 
those previously described above with regard to 
FIG. 7 and utilize the same identifying numerals for 
the components thereof as previously described 

20 above with regard to FIG. 7. 

In the system of FIG. 10, the pilot valve means 
308 is controlled by electrical signals from the 
electronic control package 152. The pilot valve 
means 308 applies a pressure differential across a 

25 differential pressure actuating piston means 304 
which in turn operates the reversing valve means 
128. 

The pressure differential applied by pilot valve 
means 308 across the differential pressure actuat- 

30 ing piston means 304 is obtained from the pressure 
differential which exists in the isolation chambers 
106 and 108 through the use of time delay means 
332 and 334 along with fluid pressure accumulator 
means 336 and 338. The high pressure is provided 

35 through high pressure shuttle check valve means 
344 to the high pressure inlet 340 of reversing 
valve means 308. Similarly, the low pressure from 
low pressure outlet 342 of pilot valve means 308 is 
communicated through low pressure shuttle check 

40 valve 346. 

The purpose of the fluid flow restrictor time 
delay means 332 and 334 and the fluid pressure 
accumulators 336 and 338 in association with the 
pilot valve means 308 in FIG. 10 is the same as 

45 that described above with regard to the embodi- 
ment of FIG. 7. 

Manner Of Operation 

so Each of the downhole apparatus shown in 
FIGS. 2, 3, 4, 7, 8, 9 and 10 utilize a pressure 
differential between high and low pressure zones, 
typically the well annulus and the tubing string 
bore, as an endless power source which is capabl 

55 of moving the power transfer element, .g., power 
piston 110 r rotating power transfer element 402, 
of the tool through an endless or unlimited number 
of operating cycles. The only limitation upon the 
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numb8r of cycles through which the power transfer 
element can be moved is the limit upon the elec- 
trical energy contained in batteries or other energy 
source 162 for powering the electronic control 
package 152. The electrical power requirements of 
the tool, however, are relatively minimal in that 
electrical energy is merely used to power the sen- 
sor 164, the electronic control package 152 and 
associated microprocessors contained therein, and 
the relatively small solenoid valves controlled 
thereby. The source of power for performing the 
relatively large mechanical manipulations to open 
and close the operating element 178 of the tool 
are, however, powered by the energy present in 
the hydraulic pressure differential between the high 
and low pressure zones 132 and 134. 

Also, the electrical power generating systems 
like those of FIGS. 9 and 10 can be used instead of 
batteries in which case the available electrical pow- 
er is also limitless. 

Without repeating all of the explanation of the 
manner of operation of each of the various systems 
described above, by way of example a typical 
system utilizing the present invention in one of the 
embodiments of FIGS. 2, 3 or 4 will be operated 
generally in the manner summarized below. 

With reference to FIG. 1, a testing string 34 
may include a formation tester valve 60 and/or a 
reverse circulation valve 58 either of which may be 
constructed in accordance with the system set 
forth in FIGS. 2, 3 and 4. That test string is lowered 
into place in the wed and the packer 46 is set so as 
to isolate the upper well annulus 40 from the rat 
hole 20. 

In most commonly encountered situations, the 
pressure from formation 18 which is communicated 
with the bore of the tubing string 34 will be several 
hundred psi less than the hydrostatic pressure in 
well annulus 40 at the depth of the tool in question, 
and thus a sufficient pressure differential will be 
present to operate the power piston 110 without the 
application of any additional hydraulic pressure to 
either the tubing string or the well annulus. If, 
however, there is not sufficient excess hydrostatic 
pressure in the well annulus 40, the pressure in the 
well annulus 40 can be increased by applying 
pressure thereto with pump 38 and maintaining that 
pressure substantially constant so that a sufficient 
pressure differential will be present between well 
annulus 40 and the rat hole 20 to move the power 
piston 110 and open and close the operating ele- 
ment 178. 

When it is desired to move th operating ele- 
ment 178 between two or more positions thereof, 
an appropriate command signal is transmitted from 
a surface location such as the work deck 26 in any 
one of many possibl means further described 
below. That command signal is received by the 



sensor 164 which generates a signal which is com- 
municated to a microprocessor contained in the 
electronic control package 152 which in response 
generates a signal transmitted to the operating 

5 valve means 138 to move it between its first and 
second positions 140 and 142 so as to move the 
power piston 110 in the desired direction to op- 
erate the operating element 178. When it is desired 
to reclose or reopen the operating element 178, 

w another command signal is sent and the operating 
valve means 138 reverses its position to again 
stroke the power piston 110. This can be repeated 
an endless number of times so long as there is 
sufficient power in the batteries 162 to maintain 

is power to the electronic control package 152. 

The pressure differential between the well an- 
nulus 40 and the dump chamber 20, which may be 
more generally referred to as a high pressure zone 
132 and a low pressure zone 134, is continuously 

20 communicated to the operating valve means 138 
through the isolation chambers 106 and 108 and 
the reversing valve means 128. In the system illus- 
trated in FIG. 2, the reversing valve means 128 is 
in its second position 136 so that high fluid pres- 

25 sure from the well annulus is transmitted through 
the second isolation chamber 108, and so that low 
fluid pressure from the tubing bore is transmitted 
through the first isolation chamber 106. 

When the second isolation piston 122 reaches 

30 the upper end of its stroke, the relationship of the 
isolation chambers 106 and 108 will be reversed by 
a change in position of the reversing valve means 
128 to its first position 130 so that high pressure is 
then communicated through the first isolation 

35 chamber 106 while low pressure is communicated 
through the second isolation chamber 108. 

Thus, the pressure differential between the well 
annulus 40 and the rat hole 20 is constantly avail- 
able to the operating valve means 138 and thus to 

40 the power piston 110, but at the same time the 
power piston 110 is isolated from contact with the 
relatively dirty well fluids contained in the we!) 
annulus 40 and the bore of tubing string 34. 

The system illustrated in FIGS. 2, 3 and 4 and 

45 particularly the operating valve means 138, first 
and second isolation chambers 106 and 108, and 
reversing valve means 128 can generally be de- 
scribed as an energy conversion means lor con- 
verting a hydraulic differential pressure potential 

so energy between the first and second zones 132 
and 134 of the well into mechanical kinetic energy 
of the power piston 1 10 as well fluid flows from the 
first zone 132 through the downhol tool apparatus 
100 and into the second zone 134. This flow of 

55 fluid is of course intermittent When it is desired to 
stroke the power piston 110, a volume of fluid 
equal to that displaced by the power piston 110 
flows into the chamber which is at that time asso- 

15 
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dated with a high pressure source, such as the 
well side chamber portion 126 of second isolation 
chamber 108 seen in FIG. 2. Substantially simulta- 
neously therewith, an equal volume of well fluid is 
displaced from the well side fluid chamber 120 of 
the other isolation chamber 106 into the low pres- 
sure zone 134. 

All of the well fluid that flows from the high 
pressure zone 132 to the low pressure zone 134 is 
retained in the downhole tool apparatus 100 during 
a plurality of operating strokes of the power piston 
110. That is, any given slug of fluid which flows 
from the high pressure zone 132 into the well side 
chamber portion 126 of second isolation chamber 
108 will remain there until such time as the revers- 
ing valve means 128 is reversed and the second 
isolation piston 122 begins to move downward thus 
forcing that fluid back out of the second well side 
chamber portion 126 and into the low pressure 
zone 134. 

It is also noted that the isolation pistons 116 
and 122 could of course be multiple stage pistons 
so as to multiply the pressure transmitted to the 
power piston 110 in which case the flow rate of 
fluid through the tool 100 would not be equal to the 
rat© of displacement of fluid by the power piston 
110, but it would be proportional thereto. 

One additional feature of the apparatus shown 
in FIGS. 2-4 is that the tool will operate equally well 
regardless of which of the two zones 132 and 134 
is the higher pressure zone. That is, a tool de- 
signed to operate on the pressure differential be- 
tween the well annulus 40 and the bore of the 
tubing string 34 with the well annulus 40 having a 
higher pressure than the bore of the tubing string 
34, will also operate equally well if the pressure 
differential is reversed and the higher pressure is 
present in the tubing string bore. Thus, the system 
previously described can generally be referred to 
as a pressure transfer control means for applying a 
pressure differential between the first and second 
zones 132 and 134 across the power piston 110 to 
operate the tool 100 regardless of which of the first 
and second zones 132 and 134 contains the higher 
fluid pressure. 

In some situations it is even possible that it will 
not be certain whether the higher pressure is con- 
tained in the well annulus 40 or in the bore of the 
tubing string 34 at the depth of the tool in question. 
In such a situation, operation of the tool 100 can 
still be assured in the following manner. The pres- 
sure in the well annulus 40 can be temporarily 
increased above hydrostatic pressur by an 
amount sufficient to provide a satisfactory operat- 
ing pr ssur differential betw en the w II annulus 
and the tubing string bore if in fact those two 
pressures are substantially identical prior to in- 
crease of th well annulus pressure. That increased 



well annulus pressure can be maintained for a 
period of time and then released for an equivalent 
period of time and then again applied, and so on. If 
it turns out that the tubing pressure is higher than 

5 the hydrostatic well annulus pressure, the tool will 
operate when the additional annulus pressure is not 
present. This will assure that in either the natural 
condition or in the pressure applied condition, the 
tool 100 will operate. 

ro Various advantages are provided by the 
present invention. One advantage is that little or no 
surface pressure need be applied to the well for 
operation of the system. 

Another advantage is that little on-board elec- 

rs trical energy is required because the system takes 
advantage of the available energy potential pro- 
duced by the differential pressure between the well 
annulus and the tubing bore. Using the embodi- 
ments of FIGS. 9 and 10, a tool can be provided 

20 which requires no on-board electrical battery type 
energy storage system. 

The safety of the tool is enhanced as com- 
pared to those tools which utilize compressed nitro- 
gen systems. Also, in comparison with those sys- 

25 terns utilizing compressed nitrogen, there is en- 
hanced reliability and ease of operation through the 
elimination of the temperature effects associated 
with compressed nitrogen systems. 

Also, the system is highly versatile since it can 

30 be used with many different remote control sys- 
tems. 

Techniques For Remote Control 

35 Many different systems can be utilized to send 
command signals from the surface location 26 
down to the sensor 164 to control the tool 100. 

One suitable system is the signaling of the 
control package 152, and receipt of feedback from 

40 the control package 152, using acoustical commu- 
nication which may include variations of signal fre- 
quencies, specific frequencies, or codes of acous- 
tical signals or combinations of these. The acous- 
tical transmission media includes tubing string, 

as casing string, electric line, slick line, subterranean 
soil around the well, tubing fluid, and annulus fluid. 
An example of a system for sending acoustical 
signals down the tubing string is seen in US-A- 
4,375.239; US-A-4,347.900; and US-A-4,378,850. 

so A second suitable remote control system is the 
use of a mechanical or electronic pressure ac- 
tivated control package 152 which responds to 
pressur amplitudes, frequencies, codes or com- 
binations of these which may be transmitted 

55 through tubing fluid, casing fluid, fluid inside coiled 
tubing which may be transmitted inside or utstde 
the tubing string, and annulus fluid. Th system 
can also respond to a sensed downhole pressure. 
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A third remote control system which may be 
utilized is radio transmission from the surface loca- 
tion or from a subsurface location, with correspond- 
ing radio feedback from the tool 100 to the surface 
location or subsurface location. The subsurface lo- 
cation may be a transmitter/receiver lowered into 
the well on a wireline. 

A fourth possible remote control system is the 
use of microwave transmission and reception. 

A fifth type of remote control system is the use 
of electronic communication through an electric line 
cable suspended from the surface to the downhole 
control package. 

A sixth suitable remote control system is the 
use of fiberoptic communications through a fiberop- 
tic cable suspended from the surface to the down- 
hole control package. 

A seventh possible remote control system is 
the use of acoustic signaling from a wire line sus- 
pended transmitter to the downhole control pack- 
age with subsequent feedback from the control 
package to the wire line suspended transmit- 
ter/receiver. Communication may consist of fre- 
quencies, amplitudes, codes or variations or com- 
binations of these parameters. 

An eighth suitable remote communication sys- 
tem is the use of pulsed X-ray or pulsed neutron 
communication systems. 

As a ninth alternative, communication can also 
be accomplished with the transformer coupled 
technique which involves wire line conveyance of a 
partial transformer to a downhole tool. Either the 
primary or secondary of the transformer is con- 
veyed on a wire line with the other half of the 
transformer residing within the downhole tool. 
When the two portions of the transformer are 
mated, data can be interchanged. 

All of the systems described above may utilize 
an electronic control package 152 that is micropro- 
cessor based. 

It is also possible to utilize a preprogrammed 
microprocessor based control package 152 which 
is completely self-contained and is programmed at 
the surface to provide a pattern of operation of the 
downhole tool which it controls. For example, a 
remote signal from the surface could instruct the 
microprocessor based electronic control package 
152 to start one or more preprogrammed se- 
quences of operations. Also the preprogrammed 
sequence could be started in response to a sensed 
downhole parameter such as bottom hole pressure. 
Such a self-contained system may be constructed 
in a manner analogous to th seH -contained dowrv- 
hol gaug system shown in US-A-4,866,607. 



Claims 

1. A downhole tool apparatus for use in a well 
having a well bore (14) and a tubing string (34) 

5 suspended within said well bore (14) so that a 

well annul us (40) is defined between said well 
bore (14) and said tubing string (34), said 
apparatus comprising a power chamber 
(104,404) having first (148,408.328) and sec- 

w ond (150,410,326) pressure connections and 
housing a power piston (110) or a rotating 
power transfer element (402); and operating 
valve means (128,138,308) characterised in 
that it has a first position for selectively com- 

rs municating annulus pressure (132) from said 

well annulus (40) with said first pressure con- 
nection (148,408,328) of said power chamber 
(104,404) and simultaneously communicating 
said second pressure connection (150,410,326) 

20 of said power chamber (104,404) with a zone 
(134) of said well isolated from said annulus 
pressure (132) so that a pressure differential 
between said well annulus (40) and said zone 
(134) can be applied to said power piston (110) 

25 or transfer element (402) to move it in a first 
direction, and it has a second position for 
communicating said annulus pressure (132) 
with said second pressure connection 
(150,410,326) of said power chamber (104.404) 

30 and simultaneously communicating the first 
pressure connection (148,408,328) of said 
power chamber (104,404) with said zone (134) 
so that said pressure differential between said 
well annulus (40) and said zone (134) can be 

35 applied to said power piston (110) or transfer 
element (402) in a second direction opposite to 
said first direction, wherein fluid isolation 
means (106,108) are provided to transmit fluid 
pressures from the well annulus (40) and the 

40 said well zone (134) to the said valve means 
(138,128,308) and the said power chamber 
(104,404) whilst isolating the said valve means 
(138,128,308) and power chamber (104,404) 
from contact with well fluids contained in the 

45 said annulus (40) and the said zone (134). 

2. Apparatus according to claim 1, wherein said 
isolation means (106. 108) comprises a first 
isolation chamber (106) having a first isolation 

so piston (116) reciprocably disclosed therein and 

dividing said first isolation chamber (106) into a 
first tool side chamber portion (118) and a first 
well side chamber portion (120), said first tool 
side chamber portion (118) being in open flow 

55 communication with said operating valve 
means (138); a second isolation chamber (108) 
having a second isolation piston (122) re- 
ciprocably disposed therein and dividing said 
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second isolation chamber (108) into a second 
tool side chamber portion (124) and a second 
well side chamber portion (126), said second 
tool side chamber portion (124) being in open 
flow communication with said operating valve 
means (138); and reversing valve means (128) 
for alternately communicating said well annulus 
(132) with one of said first (120) and second 
(126) well side chamber portions while simulta- 
neously communicating said zone (134) of said 
well with the other of said first (120) and sec- 
ond (126) well side chamber portions, so that 
well fluids from said well annulus can flow into 
and out of said well side chamber portions 
(120,126). 

3b Apparatus according to claim 2, further com- 
prising actuating means (190) for changing a 
position of said reversing valve means (128) 
upon each stroke of said power piston (110) or 
power transfer element (402). 

4. Apparatus according to claim 2 or 3, further 
comprising time delay means (332,334) for de- 
laying communication to said power chamber 
(104) of pressure changes in said first (106) 
and second (108) isolation chambers; and fluid 
pressure accumulator means (336,338) for 
maintaining a pressure between said power 
piston (110) and said time delay means 
(332,334), after said reversing valve means 
(128) begins reversing position for a sufficient 
time to complete a stroke of said power piston 
(110). 

5. Apparatus according to any one of claims 1 to 
4, wherein said operating valve means (138) 
comprises a main operating valve means (128) 
for directly controlling fluid pressure commu- 
nication between said power piston (110) and 
each of said well annulus (132) and said zone 
(102); a differential pressure actuating piston 
means (304), operably associated with said 
main operating valve means (128), for moving 
said main operating valve means (128); and a 
pilot valve means (308) for selectively applying 
a second fluid pressure differential across said 
differential pressure actuating piston means 
(304). 

6. Apparatus according to claim 5, further com- 
prising a lower pressure dump chamber (312), 
and wherein said second fluid pressure dif- 
fer ntial is the differential between said an- 
nulus pressur (132) and th pressur in said 
low pressure dump chamber (312). 



7. Apparatus according to any one of claims 1 to 
6, which comprises first pressure communicat- 
ing means (168,172, 108,146) for c mmunicat- 
ing annulus pressure (132) to said operating 

5 valve (138), and second pressure communicat- 

ing means (166,170,106,144) for communicat- 
ing said zone pressure (134) to said operating 
valve (138), and wherein said apparatus is for 
use in a well including a packer (46) sealing 

w said annulus between said tubing string (34) 
and said well bore (14) to separate said well 
annulus into an upper well annulus (40) above 
said packer (46) and a lower well annulus (20) 
below said packer (46). wherein said annulus 

/5 pressure (132) is the pressure of said upper 

well annulus (40) above said packer (46); and 
said zone (134) of said well is communicated 
with said lower well annulus (20). 

20 PatentansprUche 

1. En Bohrlochwerkzeuggerat zur Verwendung in 
einem Bohrloch mit einer Bohrung (14) und 
einer darin so suspendierten Rohrkette (34), 

25 daB sich zwischen besagter Bohrung (14) und 
besagter Rohrkette (34) ein Bohrlochringraum 
(40) bitdet Besagtes Gerat besteht aus einer 
Triebkammer (104, 404) mit ersten (148, 408, 
328) und zweiten (150, 410, 326) Druckverbin- 

30 dungen und hat in seinem Inneren einen Trieb- 
kolben (110) Oder ein drehbares KraftObertra- 
gungselement (402) sowie eine Betriebsventil- 
einrichtung (128, 138, 308); gekennzeichnet 
dadurch, daB in der ersten Stellung zum optio- 
ns nale Obertragen von Ringraumdruck (132) aus 
besagtem Bohrlochringraum (40) mit besagter 
erster Druckverbindung (148, 408, 328) besag- 
ter Triebkammer (104, 404) und gleichzeitigem 
Verbinden besagter zweiter Druckverbindung 

40 (150, 410, 326) besagter Triebkammer (104, 

404) mit einer Zone (134) besagten Bohrlochs, 
die von besagtem Ringraumdruck (132) abge- 
trennt ist, so daB ein Druckdifferential zwischen 
besagtem Bohrlochringraum (40) und besagter 

45 Zone (134) auf besagten Triebkolben (110) 

Oder KraftUbertragungselement (402) zum Be- 
wegen des Kolbens in eine erste Richtung 
angesetzt werden kann. Das Gerat hat eine 
zweite Stellung zum Obertragen besagten Rin- 

50 graumdrucks (132) mit Hilfe besagter zweiten 
Druckverbindung (150, 440, 326) besagter 
Triebkammer (104, 404) und gleichzeitigem 
Verbinden d r erst n Druckverbindung (148, 
408, 328) besagter Triebkammer (104, 404) mit 

55 besagter Zone (134), so daB besagtes Druck- 

differential zwischen besagtem B hrlochring- 
raum (40) und besagter Zone (134) auf besag- 
ten Triebkolben (110) Oder b sagtes KraftOber- 
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tragungselement (402) in eine zweite Richtung 
angesetzt werden kann, die in entgegengesetz- 
te Richtung wie besagte erste Richtung ver- 
lauft, wobei fldssigkeHstrennende Einrichtun- 
gen (106, 108) zum Ubertragen von RQssig- 
keitsdruck aus dem Bohriochringraum (40) und 
besagter Bohrlochzone (134) an besagte Ven- 
tileinrichtung (138, 128, 308) und besagter 
Triebkammer (104, 404) vorgesehen sind, w3h- 
rend besagte Ventileinrichtung (138, 128, 308) 
und Triebkammer (104, 404) vom Kontakt mit 
BohrlochflQssigkerten, die in besagte m Rin- 
graum (40) und besagter Zone (134) vorhan- 
den sind, geschOtzt werden. 

2. Gerat nach Anspruch 1, wobei besagte Trenn- 
einrichtung (106, 108) aus einer ersten Trenn- 
kammer (106) mit erstem Trennkolben (116) 
besteht, der darin hin und her glertend ausge- 
fUhrt ist und besagte erste Trennkammer (106) 
in einen ersten werkzeugseitigen Kammerab- 
schnitt (118) und einen ersten bohrlochseitigen 
Kammerabschnitt (120) unterteitt, wobei besag- 
ter erster werkzeugseitiger Kammerabschnitt 
(118) in offener RQsstgkertsverbindung mit be- 
sagter Betriebsventileinrichtung (138) steht; die 
Trenneinrichtung (106, 108) besteht werterhin 
aus einer zweiten Trennkammer (108) mit et- 
nem zweiten Trennkolben (122), der darin hin 
und her gleitend ausgefUhrt ist und besagte 
zweite Trennkammer (108) in einen zweiten 
werkzeugseitigen Kammerabschnitt (124) und 
einen zweiten bohrlochseitigen Kammerab- 
schnitt (126) unterteitt, wobei besagter zweiter 
werkzeugseitiger Kammerabschnitt (124) in of- 
fener ROsstgkeitsverbindung mit besagter Be- 
triebsventileinrichtung (138) steht und einer 
Umschaltventileinrichtung (128) zum abwech- 
selnden Verbinden besagten Bohriochring- 
raums (132) mit einem der besagten ersten 
(120) und zweiten (126) bohrlochseitigen Kam- 
merabschnitte. Gleichzeitig werden besagte 
Zone (134) besagten Bohrlochs mit dem ande- 
ren besagter erster (120) und zweiter (126) 
bohrlochseitiger Kammerabschnitte so verbun- 
den, daB BohrlochflQssigkerten aus besagtem 
Bohriochringraum in und aus besagten bohr- 
lochseitigen Kammerabschnitten (120, 126) 
stromen konnen. 

3. Gerat nach Anspruch 2, weiter bestehend aus 
einer Betatigungseinrichtung (190) zum Wech- 
seln der Stellung besagter Umschaltventilein- 
richtung (128) nach jedem Hub besagten 
Triebkolbens (110) Oder KraftUbertragungsele- 
ments (402). 



4, Gerat nach Anspruch 2 Oder 3, werterhin be- 
stehend aus einer Verzfigerungseinrichtung 
(332, 334) zum Verzogem der Ubertragung 
von Druckanderungen in besagter erster (106) 

5 und zweiter (108) Trennkammer an besagte 

Triebkammer (104) sowie einer RQssigkeits- 
speichereinrichtung (336, 338) zum Betbehal- 
ten eines Drucks zwischen besagtem Triebkol- 
ben (110) und besagter Verzdgerungseinrich- 

io tung (332, 334), nach dem besagte Umschalt- 
ventileinrichtung (128) beginnt, die Stellung 
lang genug zu wechseln, urn die DurchfUhrung 
des Hubs besagten Kolbens (110) abzuschiie- 
Ben. 

rs 

5. Gerat nach einem der AnsprQche 1 bis 4, 
wobei besagte Betriebsventileinrichtung (138) 
eine Hauptbetriebsventileinrichtung (128) zum 
direkten Regeln der ROssigkeHsdruckverbin- 

20 dung zwischen besagtem Triebkoiben (110) 
und sowohl dem besagten Bohriochringraum 
(132) wie besagter Zone (102), eine auf Diffe- 
rentialdruck ansprechende Betitigungskoiben- 
einrichtung (304), die betriebsmSBig zur be- 

25 sagten Hauptbetriebsventileinrichtung (128) 
zahft und dem Bewegen besagter Hauptbe- 
triebsventileinrichtung (128) dient und einer 
Schaltventileinrichtung (308) zum optionalen 
Ansetzen eines zweiten FlUssigkeitsdruckdiffe- 

30 rentials Uber besagter, auf Druckdrfferential an- 

sprechende Betatigungskoibeneinrichtung 
(304). umfaBt 

S. GerMt nach Anspruch 5, das weiterhin eine 
35 untere Druckentleerkammer (312) umfaBt wor- 

in besagtes zweites RQssigkeitsdruckdrfferenti- 
al das Differential zwischen besagtem Rin- 
graumdruck (132) und dem Druck in besagter 
unterer Druckentleerkammer (312) ist 

40 

7. Gerat nach einem der AnsprQche 1 bis 6, 
bestehend aus einer ersten DruckObertra- 
gungseinrichtung (168, 172, 108, 146) zum 
Ubertragen des Ringraumd rucks (132) an be- 

45 sagtes Betriebsverrtil (138) und besagte zweite 
Drucktlbertragungseinrichtung (166, 170, 106, 
144) zum Ubertragen besagten Zonendrucks 
(134) an besagtes Betriebsverrtil (138), wobei 
besagtes Gerat der Verwendung in einem 

so Bohrloch dient, incl. einem Packer (46), mit 

dem besagter Ringraum zwischen Rohrkette 
(34) und besagter Bohrung des Bohrlochs (14) 
abgedichtet wird, urn besagten Bohriochring- 
raum in oberen Bohriochringraum (40) Uber 

55 besagtem Packer (46) und unteren Bohrioch- 

ringraum (20) unter besagtem Packer (46) ab- 
zutrennen, wobei besagter Bohrlochringraum- 
druck (132) der Druck besagten oberen Bohr- 

19 
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lochringraums (40) Qber besagtem Packer (46) 
ist, wahrend besagte Zone (134) b sagten 
Bohrlochs in Verbindung mit besagtem unteren 
Bohrlochringraum (20) steht 

Revindications 

1. Un appareil d'outils de fond de puits a utiliser 
dans un pu'rts ayant un forage de puits (14) et 
une colonne de tubage (34) suspendue a Tin- 
terieur dudit forage de puits(14) de sorte que 
Tespace annulaire (40) soit defini entre ledit 
forage de puits (14) et ladrte colonne de tuba- 
ge (34), Tappareil en question comprenant une 
chambre de force motrice (104, 404) ayant des 
premieres (148, 408, 328) et des secondes 
(150, 410, 326) connexions de pression et un 
logemerrt de piston mecanique (110) ou 
ment tournant de transfert d'energie (402); une 
soupape de fonctionnemerrt (128, 138, 308) 
caractertsee par le fait qu'elte a une premiere 
position pour fairs communiquer sSlectivement 
la pression annulaire (132) de Tespace annulai- 
re du puits (40), les premieres connexions de 
pression en question (148, 408, 328) de ladite 
chambre de force motrice (104, 404) et pour 
faire communiquer simuitanement des secon- 
des connexions de pression (150, 410, 326) de 
ladite chambre de force motrice (104, 404) 
avec une zone (134) dudit puits, isolee de 
ladite pression annulaire (132) de sorte qu'un 
differentiel de pression entre Tespace annulaire 
du puits (40) et la zone en question (134) 
puisse §tre appliqu£ audit piston mecanique 
(110) ou a I'element de transfert (402) pour le 
deplacer dans une premiere direction, et elle a 
une seconde position pour faire communiquer 
la pression annulaire en question (132) avec 
lesdites secondes connexions de pression 
(150, 410, 326) de ladite chmabre de force 
motrice (104, 404) et pour faire communiquer 
simuitanement les premieres connexions de 
pression (148, 408, 328) de ladite chambre de 
force motrice (104, 404) avec la zone en ques- 
tion (134) de sorte que le differentiel de pres- 
sion entre Tespace annulaire du puits (40) et 
ladite zone (134) puisse etre applique audit 
piston mecanique (110) ou a I'element de 
transfert (402) dans une seconde direction, k 
1'oppose de la premiere direction, dans laqueh 
le des moyens d'isolement du fluide (106, 108) 
sont fournis pour transmettre les pressions de 
fluide de Tespace annulaire (40) et de ladite 
zone du puits (134) vers la soupape en ques- 
tion (138, 128, 308) et la chambre d fore 
motrice (104, 404) tout en isolant la soupape 
en qu stion (138, 128, 308) et la chambr de 
force motrice (104, 404) de tout contact av c 



les fluides du puits co menus dans Tespace 
annulaire (40) et la zone en question (134). 

2. Un appareil selon la revendication 1, dans le- 
5 quel le moyen d'isolement (106, 108) com- 

prend une premiere chambre d'isolement (106) 
ayant un premier piston d'isolement (116) 
mont6 en vue de mouvement de va-et-vient et 
divisant la premiere chambre d'isolement (106) 

ro en une premiere parte de chambre cdte outil 
(118) et une premiere parte de chambre cote 
puits (120), ladite premiere parte de chambre 
cdt£ outil (118) 6tant ouverte pour la communi- 
cation de l'6coulement avec ladite soupape de 

75 fonctionnement (138); une seconde chambre 
d'isolement (108) ayant un second piston 
d'isolement (122) monte pour un va-et-vient et 
divisant ladite seconde chambre d'isolement 
(108) dans une seconde partie de chambre 

20 cot£ outil (124) et une seconde partie de 
chambre cote puits (126), la seconde parte de 
chambre cdt£ outil (124) 6tant en communica- 
tion ouverte d'6coulement avec ladite soupape 
de fonctionnement (138); et une soupape d'in- 

25 version (128) pour faire communiquer alternati- 
vement Tespace annulaire du puits (132) avec 
Tune des deux, la premiere (120) ou la secon- 
de (126) partie de la chambre cote puits, tout 
en faisant communiquer simuitanement ladite 

30 zone (134) dudit puits avec Tautre partie, la 
premiere (120) ou la seconde (126) de la 
chambre cote puits, de sorte que les fluides 
du puits de Tespace annulaire puisse nt s'Scou- 
ler, par entree et sortie des parties de chambre 

35 cote puits (120. 126). 

3. Un appareil selon la revendication 2, compre- 
nant encore un moyen d'actionnement (190) 
pour changer les positions de la soupape d'in- 

40 version en question (128) & chaque coup du 
piston mecanique (110) en question ou de 
I'element de transfert d'energie (402). 

4. Un appareil selon la revendication 2 ou 3, 
45 comprenant encore un moyen de retardement 

(332, 334) pour retarder ladrte communication 
vers la chambre de force motrice (104) des 
changements dans la premiere (106) et la se- 
conde (108) chambre d'isolement; et un 

so moyen accumulates de la pression de fluide 
(336, 338) pour maintenir une pression entre le 
piston mecanique (110) et le moyen de retar- 
dement (332, 334), aprfcs que la soupape di- 
version (128) a commence & inverser sa posi- 

55 tion pendant un intervalle suffisant pour ac- 
complir une course dudit piston mecaniqu 
(110). 
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5. Un appareil selon n*importe quelle revendica- 
tion de 1 h 4, selon laquelle la soupape de 
fonctionnement (138) comprend une soupape 
de fonctionnement principal© (128) pour 
controler directement la pression de fluide en- s 
tre ledit piston mecanique (110) et chacun des 
espaces annulaires du purts (132) et zone en 
question (102); et une pression drffdrentielte 
actionnant le piston (304), assocte & ladite sou- 
pape de fonctionnement (128); pour deplacer w 
la soupape de fonctionnement principals (128); 

et un dapet pilote (308) pour appliquer selecti- 
vement un second difterentiel de pression sur 
le piston mecanique (304) d'actionnement par 
pression drtferentielle. 75 

6. Un appareil selon la revendication 5, compre- 
nant encore une chambre d^vacuation (312) 
dans laquelle ledit differential de pression de 
fluide est le differentiel entre la pression annu- 20 
taire (132) et la pression dans la chambre 
d'6vacuation (312) en question k basse pres- 
sion. 

7. Un appareil selon n'importe laquelle des reven- 2s 
dications de 1 a 6, qui comprend un premier 
moyen de communication (168, 172, 108, 146) 
pour faire communiquer la pression annulaire 
(132) avec la soupape de fonctionnement (138) 

et un second moyen de communication de la 30 
pression (166, 170, 106, 144) pour faire com- 
muniquer la pression de la zone (134) avec la 
soupape de fonctionnement (138) et dans la- 
quelle I'appareil en question est h utiliser dans 
un puits comprenant un packer (46) term ant 35 
Tespace annulaire entre la colonne de tubage 
(34) et ledit forage du puits (14) pour separer 
Tespace annulaire en question en un espace 
annulaire superieur (40) au-dessus du packer 
en question (46)et un espace annulaire infe- 40 
rieur (20) en dessous dudit packer (46), dans 
lequei ladite pression annulaire (132) est la 
pression de r espace annulaire superieur du 
purts (40) au dessus du packer (46); et ladite 
zone (134) dudit puits est mise en communica- 45 
tion avec Tespace annulaire inferieur (20) du 
puits. 
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